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Abstract
This review reports preliminary results of time-dependent measure-
ments of decays of B0 mesons and B0s mesons coming from the analysis of
about 36 pb−1 of data collected by the LHCb experiment during the 2010
run of the Large Hadron Collider at
√
s = 7 TeV.
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1 Introduction
LHCb is a single arm forward detector at the Large Hadron Collider which covers
the region of pseudorapidity 2 < η < 5 where the production of bb pairs from pp
collisions at
√
(s) = 7 TeV is copious. A cross section σ(pp → bbX) ∼ 290 µb has
been recently measured [1].
A full description of the LHCb detector can be found in [2]. It is worthwhile
to summarize the main aspects of the performance which are crucial for the time-
dependent measurements presented here: an efficient trigger for leptonic and hadronic
decay modes (with efficiency of about 94% and 60% respectively) an excellent res-
olution for tracking and vertexing ( eg. a resolution on the impact parameter with
respect to the primary vertex σxIP ∼ 15 µm ) and good particle identification from
the RICH detectors, Calorimeters and Muon Chambers.
During the first run of LHC in 2010, LHCb collected about 36 pb−1 of data. The
preliminary results related to time-dependent analyses of B0 and B0s meson decays
are presented in the following.
2 Constraint on the B0s mixing phase φs
For a final state f equal to its CP conjugate (f = f), a CP violating phase arises
from the interference between B0s decay to f either directly or via B
0
s–B
0
s oscillation,
producing a difference in the proper-time distributions of B0s mesons and B
0
s mesons.
The B0s → J/ψ(µµ)φ(KK) decay is considered the golden mode for measuring this
type of CP violation. Within the Standard Model (SM) this decay is dominated by
b→ ccs quark level transitions, neglecting QCD penguin contribution the phase is:
φSMs = −2βs, where βs = arg (−VtsV ∗tb/VcsV ∗cb). Global fits to experimental data give
a small and precise value 2βs = (−0.0363 ± 0.0017) rad [3]. New particles could
contribute to the mixing box diagram modifying the SM prediction, adding a new
phase [4]. Recent results from experiment at Tevatron give hints of deviations of φs
from the SM predicted value [5], with an uncertainty on φs of about 0.5 rad.
The precise determination of φs is one of the key goals of the LHCb experiment.
This measurement has been carefully prepared with a series of intermediate studies
to prove the capability of LHCb to perform a clean signal selection for B→ J/ψX
channels, to control the proper-time and the angular acceptance and resolutions and
to have a correct determination of the flavour of the B mesons at production. All
these steps will be briefly summarised in the following.
A decay-time unbiased di-muon trigger is used to select all B→ J/ψX channels
is a similar way. Low background remains after the additional requirements on the
proper-time t > 0.3 ps, which removes mainly events with a prompt J/ψ(µµ). As an
example the mass distribution of the selected B0→ J/ψK∗0 and B0s→ J/ψφ events are
1
shown in Fig. 1; the mass resolution are 7 and 8 MeV/c2 respectively.
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Figure 1: Invariant mass distribution of selected B0→ J/ψK∗0 (left) and B0s → J/ψφ
(right) events.
An average proper-time resolution of about 50 ps is determined on data, using
prompt J/ψ events. The lifetimes of several b-hadron species have been measured, the
results shown in Table 1 [6] are all compatible with world averages [7] The current
systematic uncertainties are conservative estimates dominated by the uncertainty in
the time dependence of the reconstruction efficiency.
Channel Lifetime (ps) Yield
B+→ J/ψK+ 1.689 ± 0.022 ± 0.047 6741 ± 85
B0→ J/ψK∗0 1.512 ± 0.032 ± 0.042 2668 ± 58
B0→ J/ψK0S 1.558 ± 0.056 ± 0.022 838 ± 31
B0s→ J/ψφ 1.447 ± 0.064 ± 0.056 570 ± 24
Λb → J/ψΛ 1.353 ± 0.108 ± 0.035 187 ± 16
Table 1: Signal event yields and lifetimes of different b-hadrons. The first uncertainty
is statistical and the second is systematic. LHCb preliminary results from 36 pb−1.
The decay B0s → J/ψφ is a pseudo-scalar to vector-vector transition whose final
state is a superposition of three possible states with relative orbital angular momen-
tum between the vector mesons ℓ = 0, 1, 2. In order to disentangle statistically the
three components an angular analysis of the decay product distributions is required.
The three angles Ω = {θ, ϕ, ψ} defined in the transversity basis are used, as in [11].
The decay can be described by three time-dependent amplitudes, at t = 0 A0(0) and
A‖(0) are CP-even while A⊥(0) is CP-odd. The differential decay rate depends on
several physics parameters: the B0s decay width Γs, the decay width difference between
the two B0s mass eigenstates ∆Γs, the mixing frequency ∆ms, the CP violating phase
φs the relative phases and magnitudes of the three angular transversity amplitudes.
It should be noted that the dependence on φs is present in several terms, but for small
2
φs values, around the SM value, the main sensitivity comes from terms proportional
to sinφs. Most of these terms are multiplied by sin(∆mst), hence information on φs
is mainly obtained from observation of the amplitude of the fast B0s oscillations in
the time distribution. These terms have opposite sign between B0s and B
0
s , therefore
the analysis benefits significantly from determining the flavour of the initial mesons
(flavour tagging).
However, given the additional complication introduced by the tagging procedure,
and the small number of tagged events, a first analysis is performed without using
this information (untagged analysis). In this case CP violation is ignored, but from
the study of the final state angular distributions as a function of proper-time the
other physics parameters are determined. Due to the forward geometry of the LHCb
detector the reconstruction efficiency for the final state particles is a non-trivial func-
tion of the decay angles, hence understanding the angular acceptance is an important
ingredient of this measurement. The angular acceptance has been studied with Monte
Carlo simulated events, the maximum deviation with respect to the generated angu-
lar distributions results are within about ±5% . Results of the likelihood fit to the
mass, proper-time and angular distributions are shown in Table 2 and Fig. 2 [8].
Parameter Result
Γs [ ps
−1] 0.680± 0.034± 0.027
∆Γs [ ps
−1] 0.084± 0.112± 0.021
|A⊥|2 0.279± 0.057± 0.014
|A0|2 0.532± 0.040± 0.028
cos δ‖ −1.24± 0.27± 0.09
Table 2: Parameters extracted from the fit to the B0s→ J/ψφ events in the untagged
analysis. The first uncertainty is statistical and the second is systematic. LHCb
preliminary results from 36 pb−1.
The B0 → J/ψK∗0 decay channel provides a valuable check for the B0s → J/ψφ
angular analysis since it is also a pseudo-scalar to vector-vector decay which occurs
via similar (parity-odd and parity-even) decay amplitudes which are already well
measured [9]. The final state is in this case flavour specific, with the kaon charge
identifying the flavour of the decaying neutral B meson. A full fit to the mass, proper-
time and angular distributions is performed to determine the polarisation amplitudes
A‖(0), A⊥(0) and the related strong phases δ‖ and δ⊥ for the decay. Results are shown
in Table 3 and Fig. 3 [8]. They are in agreement with previous measurements, even
if, with the present event sample, not yet competitive with them.
In a second B0s → J/ψφ analysis flavour tagging is used (tagged analysis). In
LHCb the flavour of the B meson at production is determined by several algorithms,
the opposite side (OS) taggers uses four different signatures, namely high pT muons,
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Figure 2: Fitted PDF projected on the the proper-time and the transversity angles
compared to the data distributions for the selected B0s→ J/ψφ candidates (untagged
analysis). Shown are the total PDF, the PDFs for signal, the PDFs for the CP-even
and CP-odd signal components and the total background PDF.
Parameter Result
|A‖|2 0.252± 0.020± 0.016
|A⊥|2 0.178± 0.022± 0.017
δ‖ ( rad) −2.87± 0.11± 0.010
δ⊥ ( rad) 3.02± 0.10± 0.007
Table 3: Parameters extracted the fit to the selected B0→ J/ψK∗0 events. The first
uncertainty is statistical and the second is systematic. LHCb preliminary results from
36 pb−1.
electrons and kaons and the charge of an inclusively reconstructed secondary vertex.
The same side (SS) taggers use kaons and pions for B0s or B
0 and B+ mesons, re-
spectively. The algorithms have been optimized on data for the maximum tagging
power ǫD2, where ǫ is the tagging efficiency, D = 1 − 2ω is the dilution and ω the
mistag. B+→ J/ψK+ and B0→ D∗−µ+νµ have been used as control channels for the
OS taggers [10]. The tagging power is enhanced by using in the fits a per-event
mistag probability, this is obtained by the combination of the different taggers and
is calibrated on data, using B+→ J/ψK+ events, and validated on B0→ J/ψK∗0. The
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Figure 3: Fitted PDF projected on the the proper-time and the transversity angles
compared to the data distributions for the selected B0→ J/ψK∗0 candidates.
tagging power for B0s → J/ψφ events is found to be ǫD2 = 2.2 ± 0.5 %, where the
uncertainty is dominated by the statistical fluctuations in the control channel. To
calibrate the SS kaon tagger B0s→ D−s π+ events are used, but the data sample from
the 2010 run is too small and so this tagger has not been considered for the time
being.
For the tagged analysis events selected by a displaced track trigger (decay-time
biased) have been also used, for a total sample of 757±28 signal events (t > 0.3 ps)
[12]. The time acceptance for the decay-time biased events is obtained from data
using the time distribution of events which pass both trigger conditions. The result
of the fit is presented as two-dimensional confidence level regions in the ∆Γs -φs plane
obtained using a likelihood ratio ordering, following the prescription of Feldman and
Cousins [13]. Fig. 4 shows the 68.3%, 90% and 95% confidence level contours in the
∆Γs -φs plane. With current event yields systematic uncertainties were found to have
only a small effect on the contours. Therefore the contours include only the statistical
uncertainties, with the exception of the uncertainties due to flavour tagging calibration
parameters and mixing frequency, which were floated in the fit. When projecting the
confidence level contours onto one dimension it results −2.7 < φs < 0.5 rad at 68%
CL. Substantial improvements are expected in the determination of φs with the larger
5
2011 data sample and the use of SS kaon tagging.
Figure 4: Feldman and Cousins regions in the ∆Γs -φs plane. The CL at the SM
point (black square) is 0.785 which corresponds to a deviation of 1.2 σ.
The flavour tagging is used also in the measurement of time-dependent CP viola-
tion in B0→ J/ψK0S decays [14]. The preliminary result is sin 2β ≃ S = 0.53+0.28−0.29±0.07,
where the first uncertainty is statistical and the second is systematic. The data sam-
ple is currently too small for a measurement competitive with B factories, but it adds
a valid demonstration of LHCb capability in time-dependent CP analysis. Moreover,
with the integrated luminosity foreseen over the coming few years LHCb will be able
to make a precise determination of this important parameter.
3 Measurement of the B0s oscillation frequency
For the measurement of the B0s oscillation frequency a total of 1350 B
0
s signal candi-
dates are reconstructed in four different B0s decay modes, as indicated in Table 4 [15].
The invariant mass distributions of two of these modes are shown in Fig. 5. The
four modes are analysed individually but a single set of physical parameters, namely
B0s mass, lifetime and mixing frequency, is determined in a common fit to mass and
proper-time distributions of all modes. The true proper-time is smeared by detector
resolution σt, and good proper-time resolution is crucial for resolving fast B
0
s oscilla-
tions. In this analysis the event-per-event resolution σt is used, it is calibrated on data
using B0s candidates formed by a prompt D
−
s and a pion, obtaining an average proper-
time resolutions of 44 and 36 fs for B0s→ D−s π+ and B0s→ D−s π+π−π+ decays, respec-
tively. OS flavour taggers are used with a total tagging power of ǫD2 = 3.8± 2.1%.
6
decay mode # signal candidates
Bs → D−s (φπ−)π+ 515 ± 25
Bs → D−s (K∗K)π+ 338 ± 27
Bs → D−s (K+K−π−)π+ 283 ± 27
Bs → D−s (K+K−π−)3π 245 ± 46
Table 4: Number of B0s signal candidates.
The mixing frequency is measured as ∆ms = 17.63±0.11±0.04 ps −1 with a 4.2 σ
significance. Fig. 5 shows the likelihood profile as a function of ∆ms and the mixing
asymmetry for signal B0s candidates as a function of proper-time.
Figure 5: Top: fit to the mass distributions of Bs → D−s (φπ−)π+ (left) and Bs →
D−s (K
∗K)π+ (right) events. Bottom left: likelihood scan for ∆ms the line indicates
the likelihood value evaluated in the limit of infinite mixing frequency. Bottom right:
mixing asymmetry for signal B0s candidates as a function of proper-time modulo
2π/∆ms.
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4 Measurement of B0s→ K+K−lifetime
Two-body charmless B decays offer a rich phenomenology to explore the phase struc-
ture of the CKM matrix and to search for manifestations of New Physics beyond the
SM. The lifetime of the decay B0s → K+K−is of considerable theoretical interest to
discover NP. This decay channel is particularly suitable to measure with the LHCb
experiment due to its powerful pion, kaon and proton identification capabilities. The
proper time distribution of the untagged B0s→ K+K−decay is given by
Γˆ(B0s→ K+K−) ≡ RHe−ΓH t +RLe−ΓLt, (1)
where RH and RL are the fractions of the heavy (ΓH) and light (ΓL) states contribut-
ing to the B0s → K+K−decay. Γˆ(B0s→ K+K−) is primarily sensitive to the width of
the short-lived light state of the B0s .
Comparing the measurement with a lifetime obtained from a flavour specific decay
allows ∆Γs and ∆Γs/2Γs to be extracted inside the SM. Any NP effects in B
0
s→ K+K−
will lead to a reduction in the measured ∆Γs from the SM value [16].
Two measurements of the lifetime have been performed with first LHCb data [17].
The selection procedure of the sample of B mesons decaying into two hadrons makes
minimum requirements on the flight distance of the B meson, as a consequence it
tends to reject candidates which decay after a short proper time. Two independent
data-driven approaches have been developed to compensate for the resulting bias.
One extracts the acceptance function from the data, and then applies this acceptance
correction to obtain a measurement of the B0s → K+K− lifetime. The other method
cancels the selection bias by taking a ratio of the B0s → K+K− and B0 → K+π−
proper decay time distributions, exploiting the fact that the two channels have very
similar decay topologies. The B0s→ K+K−lifetime is then extracted, using the world
average measurement of the B0 → K+π−lifetime as input. The results of the two
measurements are in good agreement and are combined. The lifetime is measured as
τBs = 1.440±0.096±0.010 ps where the first uncertainty is statistical and the second
is systematic. It represents the world best precision on this quantity.
5 Conclusion
Excellent performance of LHCb in time-dependent measurements have been proved
on 2010 data. All the steps towards a φs measurement with B
0
s → J/ψφ decays have
been completed and the world best determination of the mixing phase is expected
with 2011 LHCb data. The preliminary measurement of the mixing frequency ∆ms
in B0s → D−s π+ decays has been obtained with a precision competitive with existing
results. Many other decay modes of B mesons are under study which will provide
precise measurements of CP violation and constraints on NP models.
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